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PREFACE

This report was prepared at Midwest Research Institute, 425 Volker
Boulevard, Kansas City, Missouri 64110, under U.S. Environmental Protection
Agency Contract No. 68-02-2982, MRI Project No. 4604-8(3). The work was
supported by the Health Effects Research Laboratory, Environmental Toxicology
Division, Research Triangle Park, North Carolima 27711. Drs. Romald L. Baron
and William F. Durham were the project officars.

This work was conducted in the Pharmacology/Toxicology Department
of the Chemical and Biological Sciences Group, between May 9, 1980 and
November 15, 1980. The experimental work was directed by Dr. Robert Short
and supervised by Mr. Timothy Unger, with technical assistance provided by
Ms. Japet Kliethermes and Mr. Daniel Van Goethem. The report was written
by Mr. Timothy Unger. '

The work reported herein was subjected to an interim inspection
on June 5 to 6, 1980, and the findings reportad to management and study
director on June 9, 1980. A review of the report and data was carried ou®~
on December 15 to 16, 1980. This report accurately describes the methods
and procedures and reflects the raw data of the study. The raw data,
specimeas, and final report are storsd in the Midwest Research Institute
Archives.
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I. INTRODUCTION

The herbicide, 2,4-dichlorophenoxyacetic acid (2,4-D). and several
of its ester derivatives are commonly used for brush and weed control. The
teratogenic potential of these compounds has been investigated in laboratory
animals. TFetal pathology and an increased incidence of skeletal anomalies
wers observed in Wistar rats that received 100 to 150 mg/kg of 2,4-D on days
6 to 15 of gestation.! In addition, an increased frequency of skeletal de-
facts was also observed in rats that recsived butyl, isooctyl, butoxyethanol,
and dimethylamine derivatives of 2,4-D.}

In another teratology study, doses of 2,4-D up to 2 maximum tolar-
ated dose of 87.5 mg/kg/day or molar equivalents of 2,4-D isooctyl (I0) es-
ters or 2,4-D propylene glycol butyl ether (PGBE) esters were administered
to Sprague-Dawley rats on days 6 to 15 of gestation.2 - The only anomalies
which could be related to treatment wera decreased fetal body weight, sub-
cutaneous edema, delayed ossification of bone, lumbar ribs, and wavy ribs.
Since treatment did not affect fetal or neomatal development and survival,
these observations were classified as signs of embryotoxzicity and fetotoxXs
icity. Teratogenic effects, which were defined as embryotoxicity which
seriously interfered with normal development and survival of the offspring,
were not obsarved.? :

The present study was undertaken to reevaluate the teratogenic
potential of IO and PGBE. The doses of IO and PGBE were selected as the
molar equivaleats of 0, 6.25, 12.5, 25, and 87.5 mg/kg of 2,4=D.%2 Accord-
ingly, pregnant rats were treated with I0 or PGBE on days 6 to 15 of gesta-
tion, and their fetuses were examined for defects. In addition, dams from
some groups were allowed to deliver, and the growth and developmeat of their
pups were monitored.

II. METHODS

A. Animals

CD® rats were obtained from the Charles River Breeding Laboratory
(Wilmington, Massachusetts) and housed in our animal quarters for at least
7 days prior to use. These quarters are maintained at 22 * 4°C with a rela-
tive humidity of 40 to 60% and a 7 AM to 7 PM photoperiod. The animals were
given free access to rodent chow (Wayne Lab-Blox, Allied Mills, Inc., Chicago,
Illinois) and tap water.

B. Dose

1. Source of test materials: Samples of technical grade 2,4-
dichlorophenoxyacetic acid (2,4-D) esters were obtained from the U.S.
Environmental Protection Agency, Health Effects Research Laberatory, Research
Triangle Park, North Carolina. These esters were 2,4-D isooctyl (I0) esters,




(96.6% pure, Dow ARG 172357) and 2,4-D propylene glycol butyl ether (PGBE)
esters (97.15% pure, Dow ARG 172358). The samples were received at Midwest
Research Institute on May 9, 1980.

2. Calculation of dose: Doses of esters were calculated to be
the molar equivalents of 6.25, 12.5, 25, and 87.5 mg/kg of 2,4-D. The molec-
ular weights of 2,4-D, IO, and PGBE are 221, 333, and 358, respectively.
Accordingly, for IO the doses of pure ester were 9.44, 18.9, 37.8, and 132
mg/kg, and the doses of technical grade material were 9.77, 19.6, 39.1, and
137 mg/kg. Likewise, for PGBE the doses of pure ester were 10.1, 20.2, 40.5,
and 142 mg/kg, and the doses of techmical grade material were 10.4, 20.8,
41.7, and 146 mg/kg. Since all doses were given orally in a volume of 2.3
ml/kg, the concentrations of the dosing solutions were calculated accordingly:

Concentration = mg techoical grade b 4 kg
kg 2.5 ml

For convenience, all doses will be referred to in terms of their equivaldft
mg/kg level of 2,4-D.

3. Preparation of dose: All doses were prepared by weighing the
required amount of corm oil into a bottle, adding the required volume of
technical grade ester and mixing. The amount of corn 0il and volume of tech-
nical grade ester required to prepare 100 ml of the various dosing solutioms
are prasented in Table 1.

C. Experimental Design

In this study mated rats were divided into nine groups. One group
was the contrel, four groups received 10, and four groups received PGBE.
The treated groups received doses of esters which were the molar equivalents
of 6.25, 12.5, 25 and 87.5 mg/kg of 2,4=D. All doses were administered from
days 6 to 15 of gestation. Dams from each group were sacrificed on day 20
and the fetuses examined for defects. In addition, dams from the control,
12.5 and 87.5 mg/kg, groups were allowed to deliver and the growth and
development of their pups were monitored. The study was accomplished in
two trials.

D. Teratology Study

1. Mating: Sexually mature virgin female CD® rats were housed
overnight with a proven male breeder. In the morning rats were examined
for sperm-positive vaginal smears. The morning when evidence of mating was
obtained was identified as day O of gestation. Mated animals were weighed,
identified by ear tag and randomly assigned to a treatment group.

2 Treatmenﬁ: All doses were administered orally in a volume of
2.5 ml/kg on days 6 to 15 of gestation. The control group received corn



TABLE 1

PREPARATION OF DOSING SOLUTIONS FOR 2,4-D ISQOOCTYL (IQ) ESTERS
AND 2,4-D PROPYLENE GLYCOL BUTYL ETHER (PGBE) ESTERS

Preparation of

Dose (amount/kg)a 100-ml Dosing Solution
B Technicachrade Corn gil TechnicaleGrade

Ester Equivalent (mg) () (ml)
10 §.:25 9.37 91.67 0.36

129 19.5 91.34 0.72

25.0 39.1 90.67 1.44

87.5 137.0 87.36 5.04
PGBE 6.25 10.4 91.66 0.37

12.5 20.8 91.32 0.74

25.0 41.7 90.64 1.48

87.5 146.0 87.22 3418 —

a Required dose in 2.5 ml cormn oil.
b Groups that receive the molar equivaleat of 6.25, 12.5, 2S5, and
87.5 mg/kg of 2,4-D.
¢ Technical grade (mg) = mg ester/purity of technical grade.
Molecular weights (MW) are 2,4-D (221), I0 (333), and PGBE (358).
Ester (mg) = mg 2,4~-D (MW ester/MW 2,4-D).
Purity of IO is 96.6%; of PGBE, 97.15%.
Density of corm o0il is 0.92 g/ml.
e Density of IO techmical grade is 1.085 g/ml.
Density of PGBE technical grade is 1.126 g/ml.

Q.



0il and the experimental groups received doses of I0 or PGBE which were the
molar equivalents of 6.25, 12.5, 25, and 87.5 mg/kg of 2,4-D, as calculated
above. :

3. Maternal observations: Dams were observed for toxicological
signs. In addition, they were weighed on days 0, 6, 13 and 20 of gestatiom.

4. TFetal observations: Pregnant rats were sacrificed on gesta-
tional day 20, a laparotomy was performed, and uterine horms were exposed.
The number and position of live, dead, and resorbed fetuses were recorded.
Live fetuses were removed, weighed, and immediately examined for extermal
anomalies as described by Wilsom.?

One-half of the viable fetuses from each litter were dissected
and examined for soft tissue anomalies by the free-hand slicing method of
Wilson.3 Each fetus was fixed in 20 to 25 ml of Bouin's fluid for 2 weeks.
The hardened fatuses were examined for externmal anomalies and serially cut
" from the head through the trunk using a sharp razor blade. No slices were
made beyond the kidneys, and the intestines were carefully removed from the
pelvic cavity. The cross-sections of the fetuses and the genitourinary oT=-—
gans on the pelvic floor were carefully examined by experienced perscnnel.
The remaining viable fetuses from each litter were processed for skeletal
examination. TFetuses wers fixed in 70% alcohol for 2 weeks and eviscerated.
The fetuses were stored in 1% KOE for 2 days and then stained with alizarin
red.* After differential decolorization, the skeletons were examined by
experienced personnel for anomalies.

E. Postnatal Study

1. Mating, treatment, and maternal observatioms: The methodol-
ogies for these portioms of the study were ideatical to those described
above under Section D, "Teratology Study." Rats for the postnatal study
were taken from groups that received 0, 12.5 or 87.5 ME/kg/day PGBE or I0
and allowed to deliver.

2. DPup observations: Pups were observed for toxicological signs
and on postnatal days 0, 4, 7, 14, and 21.

F. Data Apnalysis

Quantitative data are reported as the mean £ standard error.
These data were analyzed by Bartlett's test for homogeneity.5 Homcgeneous
data were analyzed by Dunnett's procedure or Tukey's omega procedure.s
Heterogeneous data were analyzed by a nonmparametric rank test.® The level
of statistical significance was selected as p < 0.05 unless indicated other-
wise. The litter was considered the experimental unit. The percentage of
fetuses with a given anomaly was calculated for each litter, and these val-
ues wers averaged to provide a measure of the affected fetuses per Litter.



III. RESULTS

A. IO Teratology and Postnatal Studies

1. Teratology study

a. Maternmal welfare and reproduction: No mortality was ob-
sarved in rats treated with up to 87.5 ME/kg/day of IO for 10 days (Table
2). Body weight gain of dams treated with I0 was normal throughout gesta-
tion. While there was a statistically significant increase in the percent
of viable fetuses occurring in the 12.5 ME/kg/day level, the percents of
nonviable fetuses wers not corresspondingly affected in this or aay other
treated group. In addition, the numbers of fetuses per dam and the featal
body weights were not significantly different from the control group.

b. Gross anomalies: The ressults of gross observations are
summarized in Table 3. External hematomas were preseat in all groups.
Mottled skin was observed in the 6.25, 12.5, and 25.0 ME/kg/day dose levels.
Raised cranium was found at the 6.25, 25.0, and 87.5 ME/kg/day levels. In.-
addition, single incidences of reduction anomalies such as reduced lower
jaw, shortened digits, and reduced hindquarters were found in fetuses of
the 25.0 ME/kg/day dose level. None of the anomalies observed in rats
treated with IO occurred at an incidence which was statistically significant.

c. Soft tissue anomalies: Table 4 summarizes the results
of the soft tissue examinations of rats treated with I0. While there was
po statistically significant increase in any of the observed anomalies,
hydronephrosis, both marked and slight, was observed only in the treated
animals. The incideace of occluded trachea occurred at a relatively high
frequency, but showed no dose-related response and was not significantly
increased at any of the treatment levels. In addition, there were single
incidences of lateral hydrocephalus and microphthalmia observed in the 6.25
ME/kg/day dose level, and a single incidence of cryptorchid testicle seen
at the 87.5 ME/kg/day level. Malformations of the heart, including dextro-
cardia and/or valvular anomalies, were observed in the 6.25, 12.5 and 25.0
ME/kg/day levels.

_ d. Skeletal anomalies: The skeletal anomalies observed in
fatuses of dams treated with 10 are presented in Table 5. For the most part,
these anomalies represent minor variatioms in the degree of ossification of
developing fetuses at the time of cesarean section. Of these minor anoma-
lies, there was a significantly increased incidence of lumbar (l4th) rib
buds in the 87.5 ME/kg/day dose group. In addition, there was a single in-
cidence of major bone malformations including fused ribs, fused centri, and
vertical fusion of vertebrae observed in an 87.3 ME/kg/day level litter.

2. Postnatal study: Table 6 presents data on the postnatal growth
and survival of pups exposed in utero to IO. There was a significant in-
crease in the postpartum body weights of dams treated with 12.5 mg/kg/day
10 from day O to day 14 postpartum. This effect, however, reflects an in-
creased body weight of these dams on day 0 of gestation (data not shown) .




TABLE 2

EFFECT OF IO ADMINISTERED DURING ORGANOGENz3IS ON

MATERNAL WELFARE AND REPRODUCTION IN RATS

10 (ME/kg/day)?

Q 6.25 12.5 25 875
Number Treatad 37 34 36 28 21
Pregnant 33 32 34 27 21
Alive 33 32 34 27 21
Nonpragnant 4 2 2 1 -
Alive 4 2 2 1 -
Body Weight (g/rat) b
Day 0 246 = 3 262 £ 3 246 = 3 246 £ 3 246 ¢ 3
6 275 % 3 271 £ 3 274 £ 3 274 £ 4 277 £ 3
13 309 % 4 306 £ 3 309 = 3 309 £ 5 305 £ 3
20 386 £ 5§ 386 £ 4 392 £ 6 397 £ 7 383 £ 5
Pregnant Survivors - 33 32 34 27 21
Implants/Dam 13.2 £ 0.5 13.4 £ 0.4 12.7 2 0&6 13.7 £ 0.7 12.8 £ 0.6
Viable Fetuses (%) 94 £ 1 95 + 1 98 £ 1 96 £ 1 97 £ 1
Dead Fetuses (%) 0 0 0 0 0
Early Resorptioms (%) L B! 51 221 51 i 5§
Late Resorptions (%) 11 0 0 0 11
Dams with Complets Resorptioas 0 0 0 0 0
Live Litters 3 32 34 27 21
Fetuses/Dam 12.5 2 0.5 12.7 £ 0.5 12:5 £ 0.5 13.1 £ 0.7 12.4 %2 0.6
Males (%) 52 = 2 47 £ 2 573 38 £ 3 50 £ 4
Fetal weight (g) 3.95 £ 0.05 3.94 £ 0.05 4.18 £ 0.14 3.93 + 0.09 3.83 %2 0.06

2 Molar Equivalents (ME) of 0, 6.25, 12.5, 25, or 87.5 mg/kg of 2,4-D.

b Mean % S.E.

¢ Significantly differeat from control (Dunpeti's test).



TABLE 3

GROSS ANOMALIES IN RATS TREATED DURING GESTATION WITH IO

10 (ME/kg/day)?
0 6.25 12.5 25 87.5

Number of
Liccers Affectad/Examined (%) 14733 (42) 14732 (&b) 12/34 (35) 16/27 (59) 11/21 (52)
Fetuses Affected/Examined (%) 26/4146 (6) 16/409 (&) 26/4626 (6) 28/354 (8) 26/263 (9)

Gross Anomalies

£1)” (1)

Immature Skin 0.3 0.2 0 (0) 1.1 (3) 0.4 (1)
Hematoma 3.9 (11) 3.1 (11) 4.4 (11) 4.4 (16) 4.9 (8)
Mottled Skin 0 (0) 0.2 (1) 1.0 (3) 0.7 (1) 0 (0)
Light Color to Fetus 0.2 (1) 0 (0) 0.4 (2) 0.5 (2) 0 (0)
Cresceat Shaped Varicose 0 (0) 0 (9) 0.2 (1) 0 (0) 0 (0)
Vein on Side
Raised Cranium 0 (0) 0.2 (1) 0 (0) 0.6 (1) 0.3 (1)
Exencephalocele 0 (0) 0 (0) 0 (0) 0.2 (1) 0 (0)
Eye Bulges Absent or Reduced 0 (0) 0.2 (1) 0 (0) 0 (0) 0 (0)
Reducad Lowver Jaw 0 (0) 0 (0) 0 (0) 0.3 (1) 0 (0)
Protruding Tongue 0 (0) 6 (0) 0 (0) 0 (0) 0.3 (1)
Brachydactyly 0 (0) 0 (0) 0 (0) 0.3 (1) 0 (0)
Hindquarters Reducad 0 (0) 0 (0) 0 (0) 0.3 (1) v10)
Tail Short 0.3 (1) 0 (0) 0 (0) 0.3 (1) 0.4 (1)
Tail Kinked 0.2 (1) 0 (0) 0 (0) 0.3 (1) 0.4 (1)
Runt Small or Dwart 1.6 (6) 0.2 (1) 0 (0) 1.6 (3) 1.8 (&)

a Molar Equivalents (ME) of 0, 6.25, 12.5, 25, or 87.5 mg/kg of 2,4-D.
b Mean of the percsat of fetuses with the indicatad anomaly calculated oa a litter
basis. The number in parenthesis is the number of affectad litters.



TABLE 4

SOFT TISSUE ANOMALIES IN RATS TREATED DURING GESTATICN WITH IO

10 (ME/kg/day)®
Q 6.25 12.5 25 87.5

Number of
Litters Affectad/Examined (%) 25/33 (76) 25/32 (78) 26/34 (76) 20/27 (74) 14/21 (67)
Fetuses Affectad/Examined (%) 57/198(28) 59/196(30) 63/205(31) 54/170(32) 34/125(27)

Soft Tissue Anocmalies

Hydrocephalus Lateral 0 (O)b 0.5 (1) 0 (0) 0 (0) 0 (0)
Blood in Ventricles (Brain) 0.6 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Brain Malformed 0.6 (1) 0 (0) 0 (0) o (0) 0 (0)
Bloed in Tissue by Nasal 0 (0) .1.5 (2) 0 (0) 0 (0) 0.8 (1)
Passage
Reduced Eye Bulges 0 (0) 0.4 (1) 0 (0) 0 (0) 0 (0)
Microphthalmia 0 (0) 0.4 (1) 0 (0) 0 (0) 0 (0)
Hemorrhage in Tongue 0 (0) 0 (0) 0.5 (1) 0 (0) 0 (0)
Tongue Protruding from Mouth 0 (0) 0 (0) 0.4 (1) 0 (0) 0 (0)
Trachea Occluded 15.2 (15) 19.8 (17) 13.2 (13) 15.3 (12) 13.0 (10)
Displace=d Lung ) 1.3 (2) 1.0 (1) 2.7 (5) 2.1 (2) 0.7 (1)
Small Lung 0.5 (1) 0 (0) 0.5 (1) 0 (0) 0 (0)
Dextrocardia 0 (0) 0 (0) 0.5 (1) e (0) 0 (0)
Levorotation to Heart 0 (0) 0.4 (1) 0 (0) 0.8 (1) 0 (0)
Deflated Lung 0 (0) 0 (0) 1.1 (2) 0 (0) =7 (0)
Agenesis of Left Atrium 0.5 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Ventricular Valves Not 0 (0) 0.5 (1) 0.5 (1) 0 (0) 0 (0)
Fully Formed
Aortic Valve with Only Two 0 (0) 0 (0) 0 (0) 0.8 (1) 0 (0)
Cusps
Hemorrhage in Liver 1.3 (2) 0.5 (1) 1.7 (2) 4.1 (&) 0.6 (1)
Hemorrhage in Abdomen 0 (0) 0.5 (1) 0.7 (1) 1.3 (2) 0.7 (1)
Liver Hard 0.5 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Hydronephrosis 0 (0) 1.8 (3) 1.4 (2) 0.6 (1) 1.5 (2)
Slight Enlargment of Kidney 0 (0) 1.0 (2) 1.2 (2) 0.6 (1) . 1.6 (2)
Pelvis .
Hypoplastic Kidney 3.6 (3) 0.4 (1) 3.7 (3) 2.0 (3) 3.0 (3)
Ectopic Kidmey 0 (0) 0 (0) 0 (0) 0.6 (1) 0 (0)
Small Kidney 0.5 (1) 0.4 (1) 0 (0) 0 (0) 0.6 (1)
Hematoma in Kidney 0 (0) 0 (0) 0.5 (1) 0.5 (1) 0 (0)
Hydrour=ter 1.2 (2) 2.6 (4) 2.1 €3) 0 (0 0.7 (1)
Distended Urinary Bladder 2.6 (5) 1.5 (3) 3.4 (5) 1.2. (2) 2.4 (3)
Cryptorchid Testicle 0 (0) 0 (0) 0 (0) 0 (0) 0.8 (1)
Malplaced Testicle 1.0 (2) 0.5 (1) 0.4 (1) 1.3 (2) 0.8 (1)
Malplaced Ovary 0 (0) 0 (0) 0.4 (1) 0 (0) 0 (0)
- Small Fetus 0.4 (1) 0.4 (1) 0 (0) 12 '(2) 0 (0)
Subdermal Hemorrhage 0 (0) 0.9 (2) 0 (0) 0 (0) 1.6 (2)

2 Molar Equivaleats (ME) of 0, 6.25, 12.5, 25, or 87.5 mg/kg of 2,4-D.
b Mean of the percent of fetuses with the indicated anomaly calculated on a litter
basis. The number in parsathesis is the number of affected litters.



TABLE 5

SKELETAL ANOMALIES IN RATS TREATED DURING GESTATION WITH IO

10 (ME/kg/day)?
12.5

0 6.25 23 87.5

Number of
Litters Affected/Examined (%)
Fetuses Affactad/Examined (%)

32/33 (97) 32/32 (100) 32/34 (94) 25/27 (92) 21/21 (100)
157/213(74) 152/212(72) 130/217(60) 138/184(75) 107/134(80)

Skeletal Anomalies

Skull Collapsed Slight 0.4 (D 2.1(3) 0.8 (2) 0 (0) 0.8 (1)
Skull Collapsed Marked 0.5 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Basisphenoid Malformed 0 (0) 0 (0) 0 (0) 0.6 (1) 0 (0)
Basioccipital Incompletely 2.6 (3) 0 (0) 1.0 (1) 0 (0) 0 (0)
Ossified
Squamosal Split 1.2 (1) 0.5 (1) 0 (0) 0 (0) 2.5 (3)
Jugal Incompletely Ossified 0 (0) 0 (0) 0.9 (1) 0 (0) 0 (0)
Hyoid Bone Unossified 5.3 (%) 6.0 (5) 2.8 (&) 2.7 (5) 4.4 (6)
Hyoid Bone Incompletely 0.4 (1) 0 (0) 0.4 (1) 0.9 (2) 1.9 (2)
Ossified
Hycid Bome Split 0 (0) 0 (0) 0 (0) 0 (0) 1.0 (1)
Frontal Bomes Incompletely 0.4 (1) 0.9 (2) 0.4 (1) 0.5 (1) 0 (0)
Ossified
Frontal Fontanel Enlarged 0 (0) 0 (0) 0 (0) 1.1 (2) 0 (0)
Occipital Foantanel Enlarged 0 (0) 0 (0) 0 (0) 0.6 (1) -—& (0)
Parietals Incomplataly Ossified 2.0 (4) 0 (0) 0.8 (2) 1.0 (2) 2.1 (2)
Interparietal Unossified 0 (0) 0 (0) 0 (0) 0.6 (1) 0 (0)
Interparietal Iacompletely 2.2 €3) 0 (0) 0 (0) 0 (0) o (0)
Ossified
Intarparietals Curved Medially 0 (0) 1.5 (3) 0 (0) 1.1 (1) 0 (0)
Supraoccipital Unossified 0 (0) 0 (0) 0 (0) 1.1 (2) 0 (0)
Supracccipital Incompletely 1.2 (1) 98 (1) 1.2 (2) 0.5 (1) 0 (0)
Ossified '
Extra Ribs 0 (0) 0 (0) 0.5 (1) 0 (0) 0 (0)c
Rib Buds 1.0 (1) . 3.0 (&) 5.1 (8) 0.5 (1) 9.2 (9)
Ribs Unossified 0 (0) 0 (0) 0 (0) 0 (0) 0.7 (1)
Incomplete Ossification of 0 (0) 0 (0) 0 (0) 0 (0) 0.6 (1)
Ribs
Vertically or Malfused Ribs 0 (0) 0 (0) 0 (0) 0 (0) 0.7 (1)
Wavy Ribs 0 (0) 1.6 (1) 0 (0) 0 (0) 0 (0)
Centzri Unossified 0 (0) 0 (0) 0 (0) 1.1 (2) 0 (0)
Centri Lobed 31.2 (25) 16.7 (29) 23.1 (21) 32.9 (22) 18.9 (12)
Incomplete Ossification of 0.4 (1) -0 (0) 0 (0) 0 (0) 0 (0)
Centri
Split Centri 2.1 {5) 7.2 (11) 2.5 (&) 4.5 (7) 2.0 (3)
Vertical Fusion of Ceatri 0 (0) 0 (0) 0 (0) 0 (0) 0.7 (1)
Vertebrae Uncssified 0 (0) 0 (0) 0 (0) 0 (0) 0.7 (1)
Vertical Fusion of Vertebrae 0 (0) 0 (0) 0 (0) 0 (0) 0.7 (1)
Unossification of Starmebrae 21.4 (20) 21.8 (19) 10.0 (13) 18.0 (14) 33.2 (20)
Incomplete Ossification of 26.7 (23) 29.2 (295) 20.1 (295) 28.5 (19) 36.0 (18)

Sternebrae



TABLE 5 (concluded)
10 (ME/kg/day)?

0 6.25 12.5 25 87.5
Sternebrae Lobed 2.4 (2)° 5.8 (D) 0 (0) 4.2 (6) 2.2 (3)
Split Sternebrae 1.3 (2) 0 (0) 0 (0) 0.5 (1) 0 (0)
Sternebrae Fused 0.4 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Malalignment of Fusion of 10.6 (11) 14.3 (13) 10.8 (12) 13.3 (11) 8.5 (7)
Starnebrae
Extra Ossification Between 0 (0) 0 (0) 0.3 (1) 0 (0) 0 (0)
Starmebrae
Incomplete Ossification of 0.5 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Ischium
Pubis Unossified 0 (0) 0 (0) 0 (0) 0.5 (1) 0 (0)
Pubis Incompletaly Ossified 0.5 (1) 0.4 (1) 0 (0) 0.5 (1) 0.7 (1)
Paws Unossified 0 (0) 0 (0) 0 (0) 0.6 (1) 0 (0)
Phalanges Unossified 1.5 1 (5) 1.2 (2) 0.5 (1) 8.7 (8)

(2) e

a HMolar Equivaleats (ME) of 0, 6.25, 12.5, 25, or 87.3 mg/xg of 2,4-D.

b Mean of the percent of fetuses with the indicated anomaly calculated on a litter
basis. The number in parenthesis is the number of affected litters.

¢ Significantly differeat from control (Tukey's procedure).

et
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TABLE 6

EFFECT OF IO ADMINISTERED DURING ORGANOGENESIS ON
POSTNATAL GROWIH AND SURVIVAL

10 (ME/kg/day)?

0 12.5 87.5
No. Viable Littersb b
0 9 9 9
4 9 9 9
7 9 9 8
14 9 9 8
21 9 9 8
No. Pups/Litter
0 13.1 + 0.4° 12.8 £ 0.8 11.2.%
4 13.0.£ 0.4 12.8 £ 0.8 9.7 %
7 12.8 £ 0.4 12.7 £ 0.8 9.3 =
14 12.3 £ 0.4 12.3 £ 0.8 9.3 ¢
21 12.2 £ 0.3 12.3 £ 0.8 9.3 ¢
Dam Weight (g) d
o 284 £ 3 307 = 9d 298 = 3
4 308 = 6 332 % 7d 312 £ 5
7 321 = 7 350 # Gd 331 = 6
14 329 = 7 356 £ 9 343 £ 6
21 ‘322 £ 10 343 £ 10 335 £ 9
Pup Weight (g) .
0 6.8 £ 0.1 6.7 £ 0.2 6.7 %
4 10.4 £ 0.3 10.4 £ 0.4 10.4 2
7 15.0 £ 1.0 15.0 £ 1.0 16.0 =
14 26.0 ® 1.0 27.0 £ 1.0 26.0
21 40.0 £ 2.0 42.0 £ 2.0 42.0 =

Molar Equivalents (ME) of 0, 12.5 or 87.5 mg/kg of 2,4-D.
Number of litters with at least ome viable pup.

Mean % S.E.

Significantly different from control (Dunnett's test).
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Although the number of viable litters was not adversely affected by treatment
with IO, the survival of pups from days 0 to 4 was significantly reduced in
the 87.5 ME/kg/day dose level; this was due primarily to the loss of omne
complete litter. In contrast, the growth of pups in both groups treated

with IO was normal.

B. PGBE Teratology and Postnatal Studies

1. Teratology study

a. Maternal welfare and reproduction: No mortality was ob-
served in rats treated with PGBE (Table 7). Dams treated with 25.0 ME/kg/
day PGBE had significantly reduced body weights during gestation. However,
since dams in this group had reduced body weights on day 0 of gestation,
this effect was determined not to be treatment-related. Moreover, neither
the number of implants per dam nor the number of fetuses per dam were af-
fected by treatment with PGBE. In addition, there was no evidence of fetal
toxicity as monitored by percent viable fetuses and fetal body weight.

T

b. Gross anomalies: Thers weras few gross anomalies observed
in the PGBE group (Table 8). External hematomas were most frequently ob-
served and occurred at all dose levels including the control group.

c. Soft tissue anomalies: The soft tissue anomalies observed
in fetuses of dams treated with PGBE are presented in Table 9. Hydronephrosis,
both marked and slight, as well as subdermal hemorrhage, though not dose-
related nor statistically significant, was observed in only the treated
groups. In addition, there was a high frequency of the incidence of occluded
trachea. This apnomaly as well showed no dose-related response nor was it
statistically significant. Other soft tissue anomalies occurring were in
low frequency and seemed to appear by random variationm.

d. Skeletal anomalies: The skeletal anomalies are shown in
Table 10. The skeletal anomalies observed represeat minor variatioas in
the degree of ossification at the time of caesarian section. However, there
was a significantly increased incidence of lumbar (l14th) rib buds observed
in the 87.5 ME/kg/day treatment group. Nonme of the other anomalies occurred
at an incidence which r=ached a level of statistical significance, aand no
" major morphological malformations were observed.

2. Postnatal study: Pups from dams treated with PGBE during or-
ganogenesis graw at a normal rate during lactation (Table 11). Also, there
were no significant differences in-the numbers of pups per litter. Matermal
body weight in the treated groups, while significantly increased at parturi-
tion, were similar to the controls throughout the remainder of the lactation
period.

12



TABLE 7

EFFECT OF PGBE ADMINISTERED DURING ORGANOGENESIS ON
MATERNAL WELFARE AND REPRODUCTION IN RATS

PGRE (ME/kg/dav)?

0 6.25 12.5 25 87.5
Number Treated 37 37 36 28 19
Pre=gnant _ ' 33 36 34 28 15
Alive 33 36 34 28 15
Nonpregnant 4 1 2 0 4
Alive 4 1 2 0 &
Body Weight (g/rat) . b .
Day O 266 £ 3 260 £ 3 239 £ 3 234 £ 3 239 £ 5§
6 2752 3 272 £ 4 268 * & 264 = Ac 269 £ 5
13 : i 309 2 4 306 2 4 299 = 3 295 ¢ Ac 3064 £ 5
20 386 £ 5 380 £ 5 378 £ 5 365 £ 6 381 £ 8
Pregnant Survivors 33 36 34 28 15
Implants/Dam 13.2 £ 0.5 12.4 2 0.6 12.6 0.5 11.7 £ 0.8 12.7 £ 0.8
Viable Fetuses (%) 94 ¢ 1.5 96 £ 1.0 96 £ 1.0 91 £ 3.6 95 = 1.2
Dead Fetusas (%) 0 0 0 0 0
Early Resorptions (%) L 421 421 723 571
Late Resorptioas (%) 1= 0 0 0 0
Dams with Complete Resorptions 0 0 0 0 0
Live Litters 33 36 34 28 15
Fetuses/Dam 12.5 £ 0.5 11.9 £ 0.6 12.0 £ 0.4 10.4 £ 0.8 12.1 0.7
Males (%) . 52 22 84 £ 3 53 £ 2 VI IV A
Fetal Weight (g) 3.95 £ 0.05 4.01 £ 0.06 4.02 £ 0.06 3.95 £ 0.06 3.84 £ 0.09

a
b
c

Molar Equivaleats (ME) of 0, 6.25, 12.5, 25, or 87.5 mg/kg of
Mean ¢ S.E.
Significantly different from control (Dunnett's test).
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TABLE 8

GROSS ANOMALIES IN RATS TREATED DURING GESTATION WITH PGBE

PGBE (ME/kg/day)®
Q 6.25 12.5 25 87.5

Number of
Litters Affscted/Examined (%) 14/33 (62) 15/36 (42) 15/34 (47) 9/28 (32) 7/15 (&7)
Fetuses Affected/Examined (%) 26/414 (6) 34/429 (B) 26/409 (6) 12/292 (&) 13/181 (7)

Gross Ancmalies

Immaturs Skin 0.3 (I)b 0 (0) 0 (0) 1.5 (2) 0 (0)
Hematoma 3.9 (11) 3.9 (11) 5.3 (13) 3.6 (9) 5.6 (7)
Mottled Skin 0 (0) 0.7 (3) 0 (0) 0 (0) 0 (0)
Light Color 0.2 (1) 0.2 (1) 0.5 (2) 0.2 (1) 0.9 (2)
Crescent Shaped Varicose 0 (0) 0 (0) 0.2 (1) 0 (0) 0 (0)
Vein on Side
Reduced Snout 0 (0) 0.2 (1) 0 (0) 0 (0) 0 (0)
Reduced Lower Jaw 0 (0) 0 (0) 0 (0) 1.2 (1) 0 (0)
Protruding Tongue 0 (0) 1.4 (1) 0 (0) 0 (0) 0 (0)
Tail Short 0.3 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Tail Kinked 0.2 (1) 0 (0) o (0) 0 (0) 0 (0)
Runt 1.6 (6) 0.9 (3) 0.5 (2) 2.0 (&) 0 (0)

a2 Molar Equivalents (ME) of 0, 6.25, 12.5, 25, er 87.5 mg/kg of 2,4-D.
b Mean of the percent of fetuses with the indicated anomaly calculated om a litter
basis. The number in parenthesis is the number of affected litzarss.
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TABLE 9

SOFT TISSUE ANOMALIES IN RATS TREATED DURING GESTATION WITH PGBE

PGBE (ME/kg/day)?
5 §.25 12.5 75 87.5

Number of
Litters Affectad/Examined (%) 25/33 (76) 24/36 (67) 26/34 (76) 22/28 (78) 10/15 (67)
Fetuses Affescted/Examined (%) 57/198(29) 46/206(22) 59/198(30) 47/138(34) 16/86 (19)

Soft Tissues Anomalies

Rydrocephalus Lateral 0 (0)° 0.3 (1) 0 (0) 0 (0) 0 (0)
Superior Sagittal Sinus 0 (0) 0 (0) 1.2 (1) 0 (0) 0 (0)
Ealarged
Blood in Ventricles (Brain) 0.6 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Brain Malformed 0.6 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Blood in Eye 0 (0) 0.6 (1) 0 (0) ¢ (0) 0 (0)
Lens Abseant 0 (0) 0 (0) 0 (0) 1.9 (1) 0 (0)
Tongue Protruding from Mouth 0 (0) 0.4 (1) 0 (0) . 0 (0) 0 (0)
Cleft Palate 0 (0) 0 (0) 0 (0) 1.9 (1) 0 (0)
Trachea Occluded 15.2 (15) 16.1 (18) 16.4 (19) 22.6 (12) 10.4 (5)
Agenesis of Lung 0 (0) 0 (0) 0.4 (1) 0 (0) 0 (0)
Displaced Lung 1.3 (2) 0 (0) 0.4 (1) 2.0 (2) 0 (0)
Small Lung 0.5 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Deflated Lung 0 (0) 0 (0) 0 (0) 1.4 (2) 0 (0)
Innominate Artery Short 0 (0) 0.5 (1) 0 (0) =~ 0 (0) o-10)
Agenesis of Left Atrium 0.5 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Hemorrhage in Liver 1.3 (2) 0.4 (1) 0.4 (1) 0.6 (1) 1.1 (1)
Hemorrhage in Abdomen 0 (0) 0 (0) 0.5 (1) 0 (0) 1.1 (1)
Liver Hard 0.5 (1) 0 (0) 0 (0) 0.7 (1) 1.1 (1)
Blood in Stomach 0 (0) 0 (0) 0.6 (1) 0 (0) 0 (0)
Hydronephrosis 0 (0) 1.4 (2) - 3.2 (5) 1.9 (3) 1.7 (1)
Slight Enlargement of Kidney 0 (0) 0.9 (2) 0 (0) 0.5 (1) 1.0 (1)
Pelvis
Kidney Pelvis Assymetrical 3.6 (5) 0.4 (1) 0.8 (2) 2.6 (3) 0 (0)
Small Kidney 0.5 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Hematoma in Kidney 0 (0) 0 (0) 1.0 (1) 0 (0) 0 (0)
Hydrourster 1.2 (2) 0.9 (1) 0 (0) 0 (0) 0 (0)
Slight Enlargement of Ureter 0 (0) 0.9 (1) 0 (0) 0 (0) 0 (0)
Distended Urinary Bladder 2.6 (3) 0.7 (2) 3.4 (&) 1.4 (2) 1.9 (2)
Monorchid 0 (0) 0.3 (1) 0 (0) 0 (0) 0 (0)
Malplaced Testicle 1.0 (2) 141 £3) 1.3 (3) 1.2 (2) 0 (0)
Misshapen Uterus 4 0 (0) 0 (0) 0 (0) 0.5 (1) 0 (0)
Small Fetus 0.4 (1) 1.5 (2) 0 (0) 3.6 (4) 0 (0)
Reduced Lower Jaw 0 (0) 0 (0) 0 (0) 1.9 (1) 0 (0)
Subdermal Hemorrhage 0 (0) 0:3 (1) 1.9 (3) 0.5 (1) 1.0 (1)

a Molar Equivalents (ME) of 0, 6.25, 12.5, 2S5, or 87.3 mg/kg of 2,4-D.
b Mean of the perceat of fetuses with the indicated amomaly calculated oo a litter
basis. The number in pareathesis is the number of affected litters.
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TABLE 10

SKELETAL ANOMALIES IN RATS TREATED DURING GESTATION WITH PGBE

Number of .

Litters Affectad/Examined (%)
Fetuses Affectad/Examined (%)

Skelstal Ancmalies

Skull Collapsed Slight
Skull Collapsed Marked
Basioccipital Incompletely
Ossified
Squamosal Split
Squamosal Incompletely Osgsified
Hyoid Bone Unossified
Hyoid Bone Incompletely
Ossified
Frontal Bones Incompletely
Ossified _
Parietals Incompletely Ossified
Interparietal Incompletely
Ossified
Interparietals Curved Medially
Supraoccipital Incomplataly
Ossified
Extra Ribs
Rid Buds
Ribs Unossified
Wavy Ribs
Centri Lobed -
Incomplete Ossification of
Centri
Split Centri
Incomplete Ossificaticn of
" Vertsbrae
Unossification of
Sternebrae
Incomplete Ossification of
Sternebrae
Sternebrae Lobed
Split Stermebrae
Sternebrae Fused
Malalignmeat of Fusiom of
Sternebrae
Ischium Incompletely Ossified
Pubis Unessified
Pubis Incompletely Ossified
Phalanges of Paws Unossified

a

Molar Equivaleats (ME) of 0, 6.25, 12.5, 25, or 87.5 mg/kg of 2,4-D.

PGRE (HE/kg/dav)'

0

6.25

12.5

25

87.5

32/33 (97)
157/213(76) 157/223(70) 140/211(66) 107/153(70) 71/95 (75)

()®
(1)
(3)

(1)
(0)
(9)
(1)

(1)

(4)
(3)

(9)
(1)

()
(1)
(0)
(0)
(25)
(1)

(s)
(0)

21.4 (20)
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26.7 (23)

2.4 (2)
1.3 (2)
0.4 (1)
10.6 (11)

0.5 (1)

0 (0)
0.5 (1)
1.5 (2)

34/36 (94) 32/34 (94)

0.3 (1) 0 (0)
0 (0) 0 (0)
2.5 (2) 0 (0)
.0 (0) 0 (0)
0.5 (1) 0 (0)
2.4 (&) 5.6 (8)
0 (0) 0.4 (1)
0.5 (1) 0 (0)
0.5 (1) 1.0 (2)
0 (0) 0 (0)
0 (0) 0 (0)
0 (0) 0 (0)
0 (0) 0 (0)
6.3 (7) 2.2 (3)
0.4 (1) o (0)
0 (0) 0 (0)
22.2 (23) 22.0 (18)
0 (0) 0 (0)
1.2 (3) 3.6 (6)
0.3 (1) 0 (0)
19.0 (17) 14.6 (18)
27.0 (25) 26.5 (28)
8.0 (7) 1.9 (4)
0 (0) 0 (0)
0 (0) 0 (0)
10.3 (15) 10.1 (11)
0 (0) 0.5 (1)
0.5 (1) o (0)
0.5 (1) 0 (0)
0.7

(1) 5.1 (6)

27/28 (96)

33.
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22.
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4

12.5

0
0

(1)
(0)
(1)

(0)
(0)
(7)
(0)

(0)

(0)
(1)

(0)
(0)

(1)
(3)
(0)
(0)
(18)
(0)

(5)
(0)

(12)

(17) .

()

(0)

(1)
(%)

(0)
(0)

0.6 (1)
3.0 (1)

15/15(100)
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1.9 (1)
0 (0)
7.5 (4)
0 (0

0 (0)

3.8 (1)
0 (0)

1.0 (1)
175 (1)

0 (0),

13.3 (8)
0 (0)

1.9 (1)
6 (8)
0

(9)

(3)
(0)

14.1 (8)

.
oo

36.6 (11)

1)
(0)
(0)
(&)

(0)
(0)
(1)
(2)
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b Mean of the percent of fatuses with the indicated amomaly calculated cn a litter

basis. The number in parsnthesis is the number of affected litters.

¢ Significantly different from control (Tukey's procedure).
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0 12.5 87.5
No. Viable Littersb
Day 0 9 S ]
& 9 9 9
7 9 9 9
14 9 9 9
21 9 9 9
No. Pups/Litter
Day 0 13.1 £ 0.4° 12.9 £ 0.5 11.6 *
4 13.0 £ 0.4 12.9 2 0.6 11.7 ¢
7 12.8 2 0.4 12.8 £ 0.7 11.6 2
14 12.3 2 0.4 12.7 £ 0.6 11.2 2
21 12.2 £ 0.3 12.6 £ 0.6 11.2 £
Dam Weight (g) d
Day 0 284 = 3 306 £ 5 302 £ 6
4 308 £ 6 318 £ 6 322 £ 6
7 321 ¢ 7 337 £ 6 336 £ 6
14 . 329 £ 7 343 = 3 339 £ 6
21 322 £ 10 334 £ 5 339 £ 1
Pup Weight (g2)
Day O ' 6.8 £ 0.1 6.5 £ 0.2 6.5 2
4 10.4 2 0.3 10.4 £ 0.4 10.9 ¢
7 14.7 £ 0.6 14.4 £ 0.6 15.0 2
14 25.7 £ 1.1 25:.6 % 1.1 2732
ad 40.0 £ 2.0 39.0 £ 2.0 42.0 =

Mean £ S.E.

an oe

EFFECT OF PGBE ADMINISTZRED DURING ORGANOGENESIS ON

TABLE 11

POSTNATAL GROWTH AND SURVIVAL

PGBE (ME/kg/day)?

Molar Equivalents (ME) of 0, 12.5 or 87
Number of litters with at least one viable pup.

.5 mg/kg of 2,4-D.

Significagtly different from coatrol (Dumneti's test).
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C. Discussion

Pregnant rats were exposed to 0, 6.25, 12.5, 25.0 or 87.5 ME/kg/day
of I0 or PGBE for 10 days starting on day 6 of gestation. Mortality was
not observed in rats receiving up to 87.3 ME/kg/day IO or PGBE. While rats
which received 25.0 ME/kg/day had significantly reduced body weights during
gestation, this was determined not to be treatment-related since this effect
occurred before treatment began. Further, all other dams gained weight nor-
mally during gestatiom.

Embryo or fetal lethality, as measured by percent viable fetuses,’
percent early resorptioms, number of dams with complete resorptions, and
fetal weight, was not observed with IO or PGBE. :

None of the gross anomalies observed in rats were increased to a
statistically significant level by treatment with either PGBE or 10.

Soft tissue anomalies observed in rats treated with either PGBE
or I0 were not increased to a significant level. However, hydronephrosis,
both marked and slight, was observed only in the treated animals. This ™
anomaly, though, occurred at very low incidences in all dose levels in rats
treated with both PGBE and IC, and showed no dose-related response.

Skeletal anomalies observed in rats treated with PGBE or IO con-
sisted mainly of minor variatioms in the degree of ossificatiom. There was
a significantly increased number of fetuses with lumbar (14th) rib buds in
the 87.5 ME/kg/day dose levels of both IO and PGBE. Additionally, in one
pup treated with 87.5 ME/kg/day of I0 some major bone malformations of the
axial skeleton, including fused ribs, fused centri, unossified vertebrae,
and fusion of vertabrae, were observed.

These scatteresd effects are considered to be within normal bio-
logical variation. When the significance level is set at p < 0.05, it 1is
expected that ome anomaly in twenty in each dose group will be significantly
different by random variation. The differences observed here were not dose-
related and did not include clusters of related anomalies. Therefore, these
differences have been considered toxicologically unimportant.

In addition, a postnatal growth and survival study was performed
on rats receiving 0, 12.5, or 87.5 ME/kg/day PGBE or I0. Pup body weights
for both compounds were normal. In rats receiving 87.5 ME/kg/day IO, there
was a reduced oumber of pups per litter om days &4 and 7 postpartum. This
effect, however, represents a whole litter loss by one of the dams at this
dose level. Since the survival of pups from other dams in this treatment
group was similar to the control, it was concluded that this effect was not
treatment-related.

In a previous study,? PGBE and IO were given orally to rats in
similar doses on days 6 through 15 of gestation, and an increased incidence
of fetuses with subcutaneous edema was observed. This anomaly was not ob-
served in the present study in any of the dose levels studied. However,
the same study? reported a significant increase in the incidence of lumbar
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ribs in the 87.5 ME/kg/day dose levels of both IO and PGBE. An an*ease in
the appearance of lumbar ribs was also reported in another study?! using
Wistar rats at only slightly higher maximum doses of PGBE and IO.

Although the occurrence of lumbar ribs has no morphological or
functional consequence to the fetuses and appears spontaneously in control
animals, it falls within the scope of embryotoxicity.’ Since this effect
is not detrimental to the normal development and survival of fetuses, it is
not classified as a "teratogenic" effact.’

In summary, the results of this study indicate that (a) PGBE or
I0 produce no adverse effects on maternal welfare or pup viability; (b) PGBEE
or I0 exhibit embryotoxicity of insignificant detrimental effect; and (c)
PGBE or IO do not adversely affect postnatal growth and survival of pups.

Accordingly, "these results indicate that PGBE and I0 are not tera-
togenic in CD® rats.
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